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GRID NOZZLE OF A FLUIDIZED BED REACTOR 

The present invention relates to a grid nozzle of a fluidized bed reactor. Heat 
engineering uses a nozzle in accordance with the present invention preferably to 
5 bring fluidizing gas, such as combustion air, to a furnace of a fluidized bed boiler. 
According to a most preferred embodiment, said nozzles are also used for removing 
solid particles from the bottom of a fluidized bed reactor. 

Chemical reactions, such as combustion or gasification, are performed in a fluidized 
10 bed material layer of fluidized bed reactors, usually so called bubbling fluidized bed 
or circulating fluidized bed reactors. There, fluidizing gas. for example, air, is 
supplied in the reactor through said bed material layer, mainly comprising sand and 
fuel, in such a way that the bed turns to an easily moving fluidized state. 



15 A grid nozzle is an apparatus, by means of which the fluidizing gas is supplied to a 
fluidized bed reactor. According to the prior art, the grid nozzles have been vertical 
tubes, through the nozzle piece of which the fluidizing gas is guided to the fluidized 
bed reactor either as evenly distributed to all directions or as directed to a certain 
direction. 

20 

It is typical of the fluidized bed reactors, that oversized pieces, such as pieces of 
metal or stones, may enter the reactor, pieces of refractory may become loose from 
the reactor wall or coarse solid pieces may be generated in the reactions. Such 
pieces fall in the fluidized bed towards the grid at the bottom of the reactor, from 

25 where they must be removed. E.g. US patent publications 3.397,657 and 5,093.085 
disclose methods of removing coarse material. According to the latter publication, the 
removal of solid material is performed by means of a grid arranged in an inclined 
position, so that the solid material is allowed to flow along the grid plate to a 
discharge opening in the grid and therefrom along a pit to be further treated or 

30 disposed. 



Patent publications US 4,748.916 and Fl 107406 disclose a so called horizontal 
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nozzle type of a grid nozzle comprising a mainly vertical tube extending through the 
grid, the upper end of which tubed is provided with a preferably substantially 
horizontal mouth piece, by means of which the flow of the fluidizing gas is directed 
substantially horizontally and guided out of the nozzle so that solid particles settling 
5 from the f luidized bed, so-called bottom ash, are carried with the flow towards the 
discharge opening thereof. 

The problem with this kind of nozzles is the wearing of the nozzles, which relates to 
the strong flow of coarse material along the bottom towards a nozzle next 
10 downstream. To decrease the wearing of the nozzles, US patent 4,748,916 discloses 
division of a horizontal air jet into two portions, which may be directed past the next 
nozzle. Further, the rear portion of the nozzle is designed inclined to direct the jet 
hitting the nozzle upwards. Finnish patent Ft 107406 discloses making the inclined 
part between the nozzles as a separate enduring wearing piece. 

15 

The fluidizing gas entering the nozzle is usually preheated air, possibly containing 
circulated flue gas. The required flow velocity is provided by means of so called 
primary air blowers, from which air is guided to the nozzles through a so called wind 
box. In a known construction the wind box is a continuous wide space, from which air 
20 is divided to the nozzles through leg tubes.The temperature of the fluidizing gas 

flowing through the nozzles in fluldized bed boilers is in normal use about 150 to 250 
oC, although in the start up of a boiler provided with duct burners the temperature of 
the air to be fed may be even close to 1000 ^C. 

25 In boiler plants using refuse-derived-fuel (RDF) as fuel, or part of the fuel is recycled, 
the wearing of the grid nozzles seems to be connected with heavy corrosion mainly 
occuring on the outer surface of the nozzle lid. The corrosion causes an oxide layer 
preventing corrosion on the surface of the nozzle material, but due to erosion the 
oxide layer wears off and the thickness of the material reduces fast. 

30 



In many applications with fluidized bed reactors, for example in fluldized bed boilers, 
the operational environment of the grid nozzles contains a lot of different chemical 
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compounds, such as salts and metal compounds melting at a low temperature. The 
con-osion accelerating effect of these compounds can influence the lid of the nozzles 
especially when the protecting oxide layer disappears due to erosion. 



5 When studying corrosion of the grid nozzles of a fluidized bed reactor more closely, it 
has been noticed that it is mainly caused by salts formed by alkalis. The main 
corrosives are sodium and chlorine and the salts formed by them. This was the 
conclusion after noticing that the corrosion is at its most in plants using fuel 
containing a lot of chlorine. The reactivity of the above mentioned salts increases at 

10 the temperature range of 450 to 600 ''C and there their tendency to cause corrosion 
is high. The reactivity of the salts in a melted state decreases when the temperature 
increases above 650 ^'C. When studying the surface temperature of the lid of the grid 
nozzles in accordance with the prior art, it was noted that in typical applications, the 
temperature settles in normal situations exactly to the area of the strongest reactivity, 

15 whereby the chemical corrosion again is at its worst. 



To solve this problem it is suggested that the temperature of the lid of the nozzles is 
increased in such a way that the high surface temperature of the lid leads to 
evaporation of salts and decrease of reactivity, whereby corrosion decreases. 
20 According to the present invention, the increase of the surface temperature of the 
nozzle lids is carried out by making the lid two- or multilayered in such a way that the 
fluidizing gas blown to the fluidized bed reactor is not directly allowed to cool down 
the nozzle lid so that its outer surface would cool down. 



25 Other characteristic features of a grid nozzle in accordance with the present 
invention become clear in the accompanying claims. 



A grid nozzle in accordance with the present invention is studied more in detail, by 
way of example, below with reference to the accompanying drawings, in which 

30 

Fig. 1 schematically illustrates a vertical, cross-sectional view of a grid nozzle in 
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accordance with the prior art; 

Figs 2a and 2b schematically illustrate vertical cross-sectional views of grid nozzles 
in accordance with two preferred embodiments of the invention; 

5 

Fig. 3 schematically illustrates a vertical, cross-sectional view of a grid nozzle in 
accordance with a third embodiment of the invention; 

Fig. 4 schematically illustrates a vertical, cross-sectional view of a grid nozzle in 
10 accordance with a fourth embodiment of the Invention; and 

Fig. 5 schematically illustrates a vertical, cross-sectional view of a part of a grid of a 
fluidized bed reactor, having grid nozzles in accordance with a preferred embodiment 
of the invention. 

15 

Fig. 1 illustrates a grid nozzle is a accordance with the prior art. Fluidizing gas, such 
as air. flows from the wind box (not shown) through a grid along a vertical nozzle 
tube (not shown) to a nozzle piece 4. The flow is turned substantially horizontal by 
means of the design of a nozzle chamber 6 of the nozzle piece 4 attached by 

20 means of a sleeve 2 to the upper end of the nozzle tube. In the embodiment 
illustrated in the drawing, the nozzle channel, by means of which the air flow is 
guided from the nozzle chamber to the fluidized bed reactor, forms of a substantially 
horizontal part 8 and of a slightly upwards inclined part 10. The nozzle chamber 6 as 
well as the different parts 8 and 10 of the nozzle channel are limited from above by a 

25 lid 12, the outer surface of which is, according to the disclosed construction, in the 
nozzle channel part slightly downwards inclined towards the blow opening, to which 
the nozzle channel ends. 

The nozzle channel is limited from below by a lower lip 14, the end part of which, 
30 according to the disclosed embodiment, rises to a certain extent. The purpose of the 
part 10 of the nozzle channel, which is upwardly inclined, is to guide the air flow to 
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above the next nozzle row located in front of the nozzle so that the solid stream 
carried with the air flow would also be guided above the next nozzle row without 
causing significant wearing of the lid of the nozzle. It has. however, been noted that 
in some conditions it is possible that the rising lower lip 14 causes a downwardly 
5 vortex at the discharge opening of the nozzle, which vortex especially guides the 
solids flow directly to the lids of the next row of nozzles increasing the wearing 
thereof. 

The nozzle tubes have in most of the cases a circular cross section at the point 
10 where they pass through the grid. In the similar way the sleeve 2, by means of which 
the nozzle piece 4 is mounted to the nozzle tube has preferably a circular cross 
section. In some cases, the sleeve and the nozzle tube are one entity, in other words 
the nozzle tube, sometimes also called a leg tube, has originally been manufactured 
as an integrated part of the nozzle piece. Usually the nozzle piece, however, is 
15 attached of the sleeve 2 to the nozzle tube by welding, by a threaded coupling or in 
some other manner suitable for the purpose. 

The lid arrangement 12 of the nozzle or the nozzle piece 4 with the lower lip 14 are 
from above preferably rectangular so that the blow opening of the nozzle is located 
20 on one side of the rectangle. In other words, air flow in the nozzle chamber 6 spreads 
to an area of at least two. preferably three times the diameter of the nozzle, 
sometimes even further, generating a low and wide air flow from the blow opening of 
the nozzle to the reactor. 

25 The nozzle tube or the sleeve 2 may preferably be provided with a gas flow restrictor 
(not shown), by means of which a desired pressure difference over the nozzle 4 is 
achieved. The required pressure difference is determined in a known manner based 
on the bed pressure and the extent thereof depends on the location of the nozzle on 
the grid, too. The nozzles 4 are manufactured, for example, by casting and the 

30 material thereof is preferably austenltic, stainless steel applicable at high 
temperatures. 
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Fig. 2a discloses a nozzle arrangement in accordance with a preferred embodiment 
of the invention. A nozzle 20 Illustrated in the drawing is similar to the one illustrated 
in Fig. 1 except for the upper part of the nozzle piece, which in the embodiment of 
Fig. 2a comprises, in addition to a lid 12 in accordance with Fig. 1, also an outer 
5 protecting cover 22. comprising a cover plate 24 and narrow rib-like parts 26 at least 
at the periphery of the cover plate 24 supporting against the surface of the nozzle 
piece, in this embodiment, the lid 12. The advantageousness of a two-piece lid 
construction is based on the temperature increase of the protecting cover 22, i.e. the 
part of the nozzle subject to wearing, due to the construction. Thereby the 
10 compounds melting at a low temperature evaporate from the lid of the nozzle without 
an accelerating effect on corrosion. 

A two-piece lid is made, for example, in a manner disclosed in Fig. 2a by assembling 
a protecting cover 22 to protect the lid 12 of the actual nozzle. The protecting cover 
15 22 is spaced by the ribs 26 apart from the actual nozzle lid 12, for example, by 4 mm. 
An air gap 28 remaining between the cover plate 24 of the protecting cover 22 and 
the lid 12 will be filled in during use by bed material, which functions as insulation 
between the actual lid 12 of the nozzle and the cover plate 24 of the protecting cover 
22. 

20 

The protecting cover 22 may be manufactured either by casting, by a hot isostatic 
pressing (HIP) method or from steel plate or by some other method determined case 
by case. The protecting cover 22 is connected with the lid 12 of the nozzle piece by 
welding preferably of three edges in such a way that the side on the blow openings is 
25 left open. The open front edge ensures the generation of an insulating bed material 
layer between the lid and the protecting cover and facilitates the removal of the 
protecting cover when changing it. 

It is, of course, possible to arrange some heat insulation suitable for the purpose to 
30 the above mentioned gap 28, if such is necessary. Thereby it is also possible to weld 
or attach by some other method suitable for the purpose the protecting cover 22 by 
its all sides to the lid 12 of the nozzle piece. 
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Fig. 2b illustrates another method of manufacturing and attaching the protecting 
cover. In this embodiment, the protecting cover 22 is arranged to extend outside the 
actual lid. whereby the the ribs 26' forming an edge of the protecting cover on at least 
5 three sides may be higher and extend markedly to the sides of the nozzle to protect 
the nozzle both against corrsion and erosion. The mounting of these ribs 26' is 
canried out In the same way as in the example of Fig. 2a. i.e. by welding or in some 
other manner suitable for the purpose. 

10 Fig, 3 discloses a nozzle arrangement in accordance with a third embodiment of the 
invention. There a cover plate 34 of a protecting cover 32 of a nozzle 20 has not 
been bent In the same way as the cover plate 24 of the protecting cover 22 in Figs. 
2a and 2b to follow the shape of the nozzle narrowing towards the blow opening, but 
the cover plate 34 continues straight above the descending part of the lid 12 of the 

15 nozzle as a horizontal shelter 34' leaving between the lid 1 2 of the nozzle 20 and 
itself a space widening towards the blow opening for a part of its length, said space 
filling in at least partially with bed material when in use. Fig. 3 illustrates that the ribs 
36 of the protecting cover 32 touch and are thus also attached to the lid 12 of the 
nozzle only at the substantially horizontal portions, but it is possible as well to 

20 arrange, when so desired, that the connecting ribs 36 of the protecting cover 32 vary 
In thickness on the sides of the protecting cover 32. whereby the ribs 36 may be 
welded to the lid 12 of the nozzle also in the descending portion of the nozzle lid. 

Fig. 3 also illustrates another arrangement for the blow opening of the nozzle, or 
25 rather for the nozzle channel leading to the blow opening from the nozzle chamber. 
Deviating from the previous drawings, the nozzle channel is formed of the whole 
length of a substantially horizontal channel portion 8 without any structural changes 
affecting the direction of the blow flow or the turbulence. An advantage of a flat 
bottom of the channel portion 8 in accordance with Fig. 3 is also that the fluidizing 
30 gas exiting/discharging through the nozzle owing to such a bottom effectively 

empties the channel portion 8 and the nozzle chamber 6 of solid material possibly 
accidentally entered therein. This nozzle channel shape may naturally be used with 
the protecting covers in accordance with Figs. 2a and 2b, too. 
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It is also possible that the upper surface of the lid 1 2 is of the whole length horizontal 
and the nozzle channel 8 either slightly ascending of the whole length or substantially 
horizontal. Thereby the nozzle channel 8 may also begin from the upper part of the 
5 nozzle chamber 6. in other words differing from what is disclosed in Figs. 2a. 2b and 
3. 

Fig. 4 discloses yet another preferred embodiment of the invention, in which the 
upper surface of the end of the nozzle channel 8 extending from the nozzle chamber 
10 6 is provided with a bump 30, which preferably extends throughout the whole width of 
the nozzle channel 8. The bump 30 is preferably of smooth shape and it generates a 
rising gas flow outside the nozzle, although the bottom of the channel 8 is even. 
Naturally the above illustrated shape of the nozzle channel is applicable with any kind 
of protecting cover. 

15 

A portion of a bottom grid of a fluidized bed reactor is illustrated in Fig. 5, which is 
provided with grid nozzles 20 in accordance with one embodiment of the invention. 
As it is schematically illustrated in Fig. 5, subsequent grid nozzles are arranged in a 
step-like manner, so that they direct fluidizing gas above the ceiling portion of the 
20 subsequent nozzle. By means of such a stepped grid it is possible to effectively 

direct coarse material at the bottom of the fluidized bed reactor towards a discharge 
opening for bottom material at the lowest part of the grid. 

In order not to have too great pressure differences caused by the fluidized bed 
25 effecting in different parts of the grid, the height L1-L0 of the steps in the stepped 
grid must be kept considerably small. The protecting covers 22 in accordance with 
the present invention increase the height of the horizontal part of the nozzles 20 and 
thus the height of the steps of the grid. Thus, the protecting covers 22 increase the 
need for maintaining the difference L2-L0 between the height level L2 of the bottom 
30 of the nozzle channel 8 and the height level LO of the protecting cover 22' of the next 
nozzle as small as possible. 
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If the nozzle channel 8 is made in accordance with Fig. 3 and it directs the gas jet 
substantially horizontally, there is a risk that the gas jet cools the upper surface of the 
protecting cover 22' of the next nozzle 20' so that, for example, the corrosive effect of 
the alkali metal salts contained in the fluidized bed on the surface of the protecting 
5 cover 22' increases. Therefore, it is advantageous to direct the gas jet 40 from the 
nozzle in an upwards inclined direction, whereby the cooling of the protecting cover 
22' decreases. The upwardly inclined direction of the gas jet is preferably performed 
in accordance with Fig. 4 by providing a smooth bump 30 to the upper surface of the 
nozzle channel 8. 

10 

The primary advantage achieved by the two-piece lid is the decrease of the corrosion 
of the nozzle lid and thus improved operational reliability. The two-piece lid facilitates 
also maintenance operations, because with the conventional nozzle construction the 
whole damaged nozzle had to be replaced, but with the two-piece lid only the 

15 replacement of the protecting cover is sufficient. Removal of a nozzle is time- 
consuming and the use of a two-piece lids decreases the shutdown time of the plant 
in the grid maintenance operations. A third advantage of the two-piece lid is low costs 
of the protecting cover compared with a complete nozzle. The price is a significant 
factor in repairing the grid, but it affects in the assembly stage, too, and the price of 

20 the two-piece lid remaining low, it being assembled in the new plants does not yet 
significantly increase the price of the whole grid. 

The manufacture of a nozzle provided with the two-piece lid is performed either at 
the works or on site. The protecting cover is welded to the lid of the nozzle by short 

25 fillet welds. The purpose of the welds is to keep the protecting cover in place and no 
strict mechanical or physical features are required of them. The dimensions of the 
welds are determined according to the situation in question, but the length of the 
welds should be minimized. Short welds facilitate the replacement of the protecting 
cover operating as a wearing piece, because opening of the welds is carried out by 

30 hand with an angle grinder. 

It is possible make the two-piece lid also in such a way that the material of lid of the 
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nozzle or the protecting cover to be attached outside the lid of the nozzle or both 
materials are chosen in such a way that the heat conductivity thereof is low. Thus, 
the air flowing through the nozzle cannot cool down the protecting cover of the nozzle 
so much that the evaporation of hannful compounds from the lid would be prevented. 
5 Especially, when the materials of the lid and/or the protecting cover of the nozzle are 
chosen in such a way, there is no need to space the lid and the protecting cover of 
the nozzle apart, but they can be, either completely or partially, touching each other. 
One of the materials suitable for this purpose is. for example, different ceramics. 

10 Grid nozzles In accordance with the invention have been tested and the test results 
are very promising. The conventional nozzles at the plant used for the tests were 
heavily worn out only after a few months' use. The durability of the nozzles provided 
with a two-piece lid proved good in.the test area of thirty nozzles, which was in test 
use for 13 months. After the test period, there were no significant signs of corrosion 

15 or erosion damages in the lids. 

As it can be seen from what was disclosed above, a new kind of a grid nozzle has 
been developed to eliminate or minimize the disadvantages of the prior art to such an 
extent that it in practice completely eliminates the complicated and time-consuming 
20 replacement of grid nozzles. It is, however, to be understood that the invention is not 
limited to the disclosed embodiments, but is intended to cover various combinations 
or modifications of its features and several other applications included within the 
scope of the invention as defined in the appended claims. 



25 



